Abstract: Dynamic nature of the A/E/C industry, multiple project participant, and disconnected communication between project participants make it difficult to develop integrated information systems for the A/E/C industry. This paper focuses on defining of interrelationship between data model and process model for construction project management, as a step toward fully integrated project management. The paper presents the Information Engineering method for developing an Information Strategy Plan of project management for A/E/C firm, evaluates existing project management software, and uses results of interaction model to identify the best architecture choices for each situation.
INTRODUCTION
The demand for integrated information systems is growing because of globalized-scales of A/E/C projects. A/E/C applications tend to exist independently and have little capacity for communications between them [1] . For example, a company usually has several stand-alone systems to handle its many accounting activities [2] .
Jung [3] analyzed corporate level requirements for information systems within a large Korean construction company using five measures for CIC planning, which are corporate strategy, management, computer systems, information technology, incremental investment. In addition, several data models and process models were developed focusing on standard format of information exchange [4] [5] .
These are due to the unsatisfied information needs that should be considered during the integrated system development phase. Those information needs identified are data accessibility, ability to adapt to changing business needs, data accuracy and consistency, data sharing across organization [6] . In order to achieve those needs, A/E/C business should be reorganized from the top-down perspective.
Enterprise Modeling (EM) is widely used for strategic information system planning [6] . By integrating the collection and processing of information, engineers can gain more systematic insight into the operations they are managing.
The primary objective of this paper is to develop a conceptual process-data model of computer integrated information systems for A/E/C project delivery. The paper illustrates the IE methodology using the IEF CASE tools.
The scope of A/E/C business function is at the project management level of construction and does not involve transactional or worker-level practices. Design and bidding phases for project management are not included. The activities are based on the assumption that project management is the contractor's or construction management team's responsibility.
The data and process models that were developed by a previous study [7] , are further extended to include fundamental processes and data for the A/E/C projects. The interaction clustering method is used to identify basic business areas that are the basis for the future subject databases.
INFORMATION ENGINEERING
Information Engineering (IE) is defined as an interlocking set of format techniques for the planning, analysis, design, and construction of information systems [8] . IE helps to integrate the separate data processing and decision-support systems built by different teams at different times in different places, and seeks to maximize the value of information systems by focusing them on the goals and critical success factors of top management.
Information systems are developed in sequential order with IE: information strategy planning (ISP), business area analysis (BAA), design, and construction [8] . As these phases progress, IE builds a steadily evolving encyclopedia of knowledge about the enterprise, its data models, process models, and system designs. The encyclopedia can be built and modified quickly using automated computer aided systems engineering (CASE) tools.
ISP is applied to an enterprise as a whole for the purpose of identifying business areas and business systems from the top management perspective. ISP is concerned with the goals, critical success factors, strategic systems vision, and the potential impact of technology. It also concerned with data and process modeling as shown in the paper. ISP divides the enterprise into business areas. They are divided by clustering the process-data interaction matrix as shown in the example in this paper.
BAA is a detailed analysis of business elements that is carried out within a defined business area in preparation for the design of systems to support that area. Reusable data structures, reusable designs, and reusable code are major goals in BAA. They are achieved by identifying common entities and processes and/or subroutines associated with those entities. Since technology is changing rapidly, the systems and procedures used are likely to change, and the enterprise is likely to be reorganized periodically, while the fundamental processes and data remain.
Design concentrates on the design of the business systems and application software to support end-user requirements. A complete and detailed specification of the business systems that are needed to support a defined area within the enterprise is produced. The BAA information is used directly to assist in design. Systems can be designed with the help of automated CASE tools.
Construction of a business system implements the application system design. Major products of this phase are the codes and application of software system; system documentation package; a training package; system operating instructions; an operational database; and the installed application system. Systems can be also constructed with the help of automated CASE tools.
IE analyzes an organization from the enterprisewide approach, and makes it possible to achieve coordination among separately built systems. However, changes in business rules cause changes in the enterprise models. The encyclopedia of goals, data, and functions is meant to be useful for understanding the impact of future system development and modification.
DATA MODELING
Data modeling begins by identifying subject areas, which are groups of related data entities. After the subject areas have been identified and defined, entity types are identified and entered into the data model. Table 1 shows the decomposition of project management data by listing subject areas and entity types. The subject areas are Planning, Control, and Completion. Each subject area is broken down into entity types. The entity types in the data decomposition are the fundamental project documents, which are used in the day-to-day project management.
Control Data has several phases of entity types. Project contract, specifications, and subcontract & subcontract amount are prepared to control contracts. To control resources, human resource control records, material control records, equipment control records, and purchase orders should be created, read, and updated. Accounting and invoicing data include vendor invoices, contract invoices, and applications for payment. To control submittals, request for information, submittal logs, and requests for approval are needed. For controlling change orders, potential change orders, change order requests, subcontract change orders must be prepared. Working drawings & revisions and shop drawings & revisions are needed to control drawings. To report current status, project cost report, daily construction report, monthly progress report, and meeting minutes are needed. Furthermore, field productivity report should be included to check current work productivity. 
PROCESS MODELING
Activity is a generic term for a function or a process. Functions are the necessary activities that must be carried out to ensure the success of the business. Processes are specific activities that support a function [9] . An activity hierarchy is a hierarchical structure of high-level activities that are decomposed into lower-level functions or processes. Each lowerlevel functions and processes can be further decomposed into lower-level processes, until ultimately reaching elementary processes that cannot be further decomposed.
To develop a hierarchy of the project management activities, project-related activities, which are critical 053_TE3.doc-2 to achieve project objectives, must be identified. IEF CASE tool is used to draw the activity hierarchy. Control function are to keep the costs of ongoing projects within the established budget and to gather information for estimating equipment and labor production rates for other projects [10] . An important tool for cost control is the project cost report which reflects the actual commitments of the project through contracts, purchase orders, change orders, payments, and unforeseen costs.
INTERACTION CLUSTERING
The process data flow diagram illustrates the flow of processes as well as the input and/or output of the process. Appendix A shows the process data flow diagram for the Cost/Resource Control function. The rounded-boxes are the processes and the squareboxes are the data. Bold arrows are the flow of processes and the normal arrows are the flow of data.
The relationships between activities and data that are shown in the process data flow diagram are used to create the process-data interaction matrix. The matrix shows what data entities are affected by what processes. It also shows which processes share data and which data are required to perform processes. IEF CASE tool is used to develop the interaction matrix.
The result of interaction matrix is rearranged to show a staircase of clusters from top left to bottom right using interaction clustering. Interaction clustering is an automated method for grouping activities that act upon common data objects. Interaction clustering groups closely related activities and data together and identifies affinities among activities through their interactions with data, and affinities among data through their interactions with activities. Clustering are done on create (C), update (U), and read (R) cell values, may or may not be contained in the clustering. The result of interaction clustering is shown in Appendix B.
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The result of interaction clustering is the identification of business areas. Business areas are defined independently of the current organizational structure and information technology. Business areas become the basis for BAA. The business areas that identified in this paper are summarized as follow; The result of identifying business areas provides a clear understanding of how activities interrelate with data and leads to identification of business systems. Business system is the automated and related manual procedures within an information system that support a set of business processes, such as scheduling, estimating, reporting, cost controlling, and so on [8] . In addition, business areas also identify an architectural framework for integration, system design, and automation of the systems.
EVALUATION OF COMMERCIAL BUSINESS SYSTEMS
There are numerous existing commercial project management systems that have good functionality for the A/E/C project management. There is a many-tomany relationship between the business areas in Appendix B and the project management systems. Several project management systems can satisfy the needs of each business area and each project management system may satisfy the needs of many business areas. However, there is no project management system to fully support all business areas, since the project management systems are developed based on the needs of specific project management functions. Table 2 contains correlation results between business areas and project management systems as provided by the software companies [11] . "√" means that the project management system supports the business area. Most systems are window-based and run on personal computers. 
SYSTEM INTEGRATION REQUIREMENTS
In order to achieve integration between different business systems, several requirements should be considered.
At first, the business systems should have the ability to adapt to changing business needs. Executives want information systems that support the business as it changes. Databases and applications must be maintainable to quickly accommodate changes involving products, markets, and technologies. These changing needs can be considered as part of business strategies through EM as shown in this paper.
In addition, these changing needs require changing responsibility and role of each participant. For example, the owners are asking for analyses of budgets and actual expenditures to micromanage the day-to-day concerns of their jobs. They also call for 053_TE3.doc-4 some changes in methods and practices. Contractors should implement new processes, revamp inefficient ones, and automate others with minimal disruptions of ongoing business [12] .
The data should be accessed in a useful format when and where needed [6] . Being able to obtain data when and where it is needed in a usable format is critical, since much of working time are used to handle data. Being in a useful format means that the data is readily interpretable into information and is not buried in a haystack of other and irrelevant data.
One approach, for example, can be thought with the integration of construction logistics, finances, and resource management needs. The system should match revenues to cost to allow for proper allocation of equipment overhead to jobs within schedules. Therefore, this system can protect huge capital investment in equipment through a comprehensive cost base for depreciation calculation [12] .
The data should also be accurate and consistent. Executives want and expect the data that they receive to be accurate and consistent. The data must not only be correct within acceptable precision, but also consistent across the organization. For data to be properly interpreted and combined from all parts of the organization, a common vocabulary or data standard is needed. In addition, for accurate and consistent data, the level of detail of the data should be considered seriously.
The data must be shared across the enterprise to successfully meet business goals. Data must also be shared among departments and organization units, and further be centrally administered and coordinated. This statement, however, does not imply a single or centralized database. Rather, it is crucial that the data possess a common organization that eliminates redundancy and ensures the consistency of data wherever it might be.
For example, the operational data requires a normalized and relational structure to support data integration while controlling redundancy. Likewise, a normalized and relational structure is best when the data warehouse is designed to provide a source of integrated data to the business management and analysis processes [13] . To provide integration, several tools and processes should be employed in combination, for example, database systems and object-oriented programming.
CONCLUSIONS
The objective of this paper was to provide a conceptual process-data model of integrated information systems for A/E/C project through the IE. As the basis for system integration for A/E/C project, 11 business areas were suggested through interaction clustering.
It is concluded that no project management system support all business areas, since the project management systems were developed based on the specific project management functional needs. Those business systems need to be integrated system to provide effective project management.
To achieve system integration, changing business needs should be considered as part of business strategies through EM. The data should be processed in a useful format with high accuracy and consistency. The data must be also shared across the enterprise as well as among departments to successfully meet business goals.
